The pollen component of the larval food of Colletes halophilus, studied in four nature reserves in the Netherlands, was strongly dominated by Aster tripolium. The liquid component of the larval food contained high concentrations of sugars (glucose and fructose), far more than could be supplied by A. tripolium pollen present in the food. This indicates that in addition to pollen, considerable amounts of nectar were collected from this plant. The larval food showed hydrogen peroxide production. We did not, however, find this in pollen collected directly from A. tripolium flowers. We conclude that females of C. halophilus produce the enzyme glucose oxidase and add this to larval food. This is the first such finding for solitary bees. The apparent dependency of C. halophilus on A. tripolium has implications for the conservation management of this solitary bee.
Introduction
The solitary bee Colletes halophilus Verhoeff 1943, (Apidae, Colletinae) occurs along the coasts of England, Ireland, Germany, the Netherlands, Belgium, and Atlantic France. In France, it has recently been found as far south as Hossegor in Aquitaine (Genould and Dittlo, 2007) . Coastal dunes and salt marshes are the typical habitat of this species (Westrich, 1990 ).
Verhoeff described the species as C. succincta halophila in 1943.
At that time, it was considered to be oligolectic on Calluna (heather) .
Apart from the larger body size of the specimens separated by Verhoeff, it was notable that these were collected in areas where Calluna was not present. In 1937, Van Lith had already reported that in certain areas C. succinctus was observed visiting Aster tripolium (sea aster) in large numbers. It was concluded that the newly described C. halophilus, together with some other (sub-) species such as C. succinctus s.str. and C. hederae, belong to the C. succinctus group. Recently, Kuhlmann et al. (2007) clarified the status of these and other related subgroups. Obviously, food plant relations of the respective Colletes species are of importance in relation to speciation within this group (Westrich, 1990; Kuhlmann, personal communication) .
One of the special features of most colletid bees is the fact that their larval food is liquid instead of being solid (Almeida, 2008; Michener, 2000) . The nature of the liquid component of the larval food is still unknown. Michener (2000) called it "nectar", while O'Toole and Raw (1999) referred to it as being "honey" (which is in fact a hive product made through the processing of nectar by eusocial bees such as honey bees, Apini, and stingless bees, Meliponini).
C. halophilus builds nests in the soil, sometimes in large aggregations. In the Netherlands aggregations occur in the province of Zeeland in coastal areas. e.g. in nature reserves managed by "Stichting Het Zeeuwse Landschap". These aggregations are located in tidal areas with an abundance of A. tripolium. One of the largest aggregation sites in the Netherlands is located in "Het Verdronken Land van Saeftinghe". In recent years the A. tripolium population has been declining there as well as all over the Dutch Delta area (Lensink et al., 2008) . Improved knowledge on the foraging behaviour of C.
halophilus and its food plant selection thus has relevance for conservation.
In this paper we report on analyses of the larval food of C.
halophilus. Through the application of a palynological method, we first answer the question whether populations of C. halophilus forage for pollen on plants other than Aster tripolium, if available. We further analyse whether individual females show differences in their food plant selection, and finally we study the nature of the liquid component of the larval food. 
Materials and methods

Sites and Sampling
Palynological analysis
From each sample, the larval food of the brood cells was suspended in water and thoroughly mixed. From this mixture about 50 µl was applied in duplicate to a microscope slide on a surface of 1.8 cm x 1.8cm. The applied suspension was dried at about 40˚C and treated with Kaiser's glycerine-gelatine, with and without basic fuchsin (Von der Ohe et al., 2004) . From each sample, at least 500 pollen grains were counted and identified.
Chemical analysis of larval food, pollen and nectar
Gravimetric analysis and refraction measurements
For each sample of larval food (taken from 4-6 pooled cells) about 1 g (exactly weighted -S g), was put into a centrifuge tube of known For reference values, the same procedure was carried out with fresh A. tripolium pollen. As more water is needed in this case to obtain enough liquid phase for refraction measurement, 250 mg pollen was used, instead of 1 g of larval food, and 0.75 g demineralised water, instead of 0.5 g.
Hydrogen peroxide measurement
Larval food and fresh A. tripolium pollen sampled in 2006, were screened for accumulation of hydrogen peroxide (H 2 O 2 ). This is reported to originate from the enzyme glucose oxidase which is present in the hypopharyngeal glands of the honey bee (Gauhe, 1941) , in honey bee honey (White et al., 1962; 1963) and in honey from other bee species like Apis cerana and Melipona spp. (Shrestha, 1997; de Bruijn and Sommeijer, 1997) . As far as known, accumulation of H 2 O 2 does not occur in pollen (Weston, 2000) . The screening method was carried out according to the method for honey described by Kerkvliet (1996) . Demineralised water was added to 1.0 g larval food and, for control purposes, to A. tripolium pollen directly from the plant (for larval food 1.5 ml; for A. tripolium pollen 4.0 ml plus 1.0 g glucose). The suspension was incubated at 20°C for 10 to 48 hours. 
Sugar spectrum of the extract
In order to determine the type of sugars present in the water-soluble matter of the larval food samples of 2006 and in the A. tripolium reference pollen, the sugar spectrum was determined after silylation of the sugars (Bogdanov et al., 1997 ) by a gas chromatographic method with flame ionisation detector.
Calculation of the results
The % water-insoluble dry matter of the larval food and pollen is calculated by dividing the amount of dry matter D (g) by the amount of sample S (g), multiplied by 100, using the formula: (D/S) x 100%.
The % water-soluble matter (extract) of the larval food and pollen is expressed as % sucrose and calculated by multiplying the refraction value R by the dilution factor, using the formula:- 
Results
Pollen types
All samples contained large amounts of A. tripolium pollen, size 30 µm. 
Food plant selection
In all samples, A. tripolium pollen contributed most to the pollen content of the larval food. In all of the nine cases in 2005 at least 92% was A. tripolium pollen, and in five cases it was greater than 95%
( 
Chemical analysis of larval food and pollen
The results of the analyses of larval food and of the fresh A. tripolium pollen are presented in Table 3 
Discussion
The results of the palynological analysis showed that in all four locations A. tripolium was by far the dominant pollen source for the larval food of C. halophilus. In the present study most brood cells contained more than 95% A. tripolium pollen. In 2006 Cane and Sipes presented a revision of the lexicon of pollen specialization. They distinguished between "monolecty", "narrow oligolecty", "oligolecty", "eclectic specialization" and "mesolecty" and accounted for the species richness of the selected plant families. Following their views, we state that C. halophilus is indeed "oligolectic" on Aster tripolium, or even "narrow oligolectic" (see also Westrich, 1990 and Linsley, 1960 ).
Bischoff and coworkers found for C. cunicularis that the use of only one host plant may be dependent on the abundance of this plant (Bischoff et al. 2003 ; see also Müller et al, 2006) . We however found no significant difference in the high A. tripolium pollen content (average 96%) in larval food from the various sites, including those Colletes halophilus, foraging and larval food The considerable range of food plants on which females and males of C. halophilus were found as flower visitors by other observers was clearly not reflected in the proportions of pollen in the larval food of this study. We did find some of the pollen types mentioned by other authors (Guichard, 1974; Manning, 1955; Westrich, 1990) , as well as other pollen types, but the low proportions of all of these types suggest that they could be treated as contamination (Cane and Sipes, 2006) . Further confirmation for the presumed "oligolecty" of C. halophilus on A. Further analysis by gas chromatography showed that the sugars present were mainly glucose and fructose. In addition some unidentified components were found in small amounts. This finding suggests that the liquid part of the larval food is derived from plant nectar. As virtually no other pollen than A. tripolium was found in the larval food, this is a strong indication that C. halophilus also collects nectar from A. tripolium. This plant is known as a very rich nectar source for honey bees, Apis mellifera.
In fresh A. tripolium pollen we found a sugar concentration of 44.2%. Large amounts of carbohydrates in pollen are not uncommon.
In South Africa, Human and Nicolson (2006) found for fresh pollen of Aloe greatheadii var. davyana (water content 13.1% (± 1.4) a value of 34.7% (± 3.1) carbohydrate in dry matter. Linskens and Jorde (1997) found 36% total carbohydrates in pollen, calculated as invert sugar on dry weight (water content 17%).
The fact that the larval food showed hydrogen peroxide production whilst A. tripolium pollen itself did not, indicates that C.
halophilus females produce the enzyme glucose oxidase and add this to the larval food. This is the first indication of production and use of this enzyme in solitary bees, and could be related to the typically liquid nature of the larval food, which requires specific preservation.
It remains possible that C. halophilus females do not only collect nectar from A. tripolium but also from other food plants. Nectar collection from other plants could also explain the presence of pollen of these plants in small quantities in the larval food pollen spectrum.
154 Sommeijer, Rooijakkers, Jacobusse, Kerkvliet Greenleaf et al. (2007) studied the foraging ranges of various bee species, using existing data sets, and Gathmann and Tscharntke (2002) studied the foraging ranges of 16 solitary bees. In both studies it appeared that body length and maximum foraging distance are positively correlated. C. halophilus was not included in these studies, but using their criteria, the female body length of 12-14 mm (Verhoeff, 1943) would suggest a foraging reach of 600 m. C.
halophilus is different from many other solitary bees such as C.
succinctus in that its actual nesting site is generally in a different place from where the major food plant occurs. Soil requirements for the nesting sites are different from those of marshland suitable for A.
tripolium.
